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SECTION  I 
INTRODUCTION 

Lowtran  3B  Is  a computer  code  used  to  calculate  the  transmittance 
of  the  atmosphere  from  the  untraviolet  to  the  middle  infrared.  It  begins 
Its  calculations  of  the  transmittance  at  a particular  wavelength  over  a 
specified  path  by  first  calculating  the  Individual  transmittance  of  each 
of  eight  contributors  as  though  each  were  acting  alone  (Reference  1). 

The  contributors  are  as  follows: 

1.  T^(v),  the  water  vapor  line  structure  transmittance  from  350  cm”1 

to  14500  cm”1  (0.689  pm  - 28.57  pm),  where  v is  the  frequency  expressed 
in  units  of  wavenumbers. 

2.  T^fv),  the  uniformly  mixed  gases  transmittance,  which  are  taken  to 

be  C02»  N20,  CH^,  CO,  and,  of  course,  N2  and  02.  Their  contribution  Is 

Included  for  the  Intervals  500  cm-1  to  8060  cm”1  (1.2  pm  - 20.0  pm)  and 
12970  cm-1  to  13190  cm”1  (0.758  pm  - 0.771  pm). 

3.  Tj(v),  the  ozone  contribution  to  the  Infrared  between  575  cm”1  and 
3270  cm  1 (3.06  pm  - 17.39  pm). 

4.  T^(v),  the  nitrogen  continuum,  which  Is  Included  between  2080  cm”1 
and  3000  cm”1  (3.33  pm  - 4.81  pm). 

5.  T,j(v),  the  water  vapor  continuum,  which  Is  Included  between  670  cm”1 
and  1350  cm”1  (7.41  pm  - 14.93  pm)  and  Is  denoted  by  Tg(v^g),  and  between 

2350  cm”1  and  3000  cm"1  (3.33  pm  - 4.26  pm)  and  Is  denoted  by  Tg(v4) . 

6.  Tg(v),  molecular  scattering  for  wavelengths  shorter  than  3000  cm”1 
(3.33  pm). 

7.  T7(v),  due  to  aerosol  scattering  and  absorption  at  all  wavelengths. 
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8.  Tg(v),  the  ozone  contribution  to  the  visible  between  13000  cm" 

and  23400  cm’1  (0.427  urn  - 0.769  pm)  and  In  the  ultraviolet  for  wavelengths 
shorter  than  27500  cm'1  (0.363  urn). 


The  total  transmittance  T(v)  Is  the  product  of  the  Individual  trans- 
mi  ttances, 

8 

T(v)  = n Uv)  (l) 

1=1  1 


and  Is  a function  of  the  meteorological  parameters  t,  the  temperature 
In  degrees  Kelvin,  P,  the  pressure  In  millibars,  tdp,  the  dew  point 

3 

temperature  In  degrees  Kelvin,  and  pQ,  the  ozone  density  In  gm/m  . 
Therefore, 

dT  ’ 3t  dt  + 3?dP  + Hdp  dp  + 3Pp  dpo  <2) 

and  since 


with  similar  expressions  for  P,  t.dp,  and  pQ,  the  meteorological  sensiti- 
vity of  the  transmittance  Is  determined  by  taking  the  partial  derivatives 
of  the  Individual  transmittance  expressions  with  respect  to  the  meteoro- 
logical parameters  and  substituting  the  results  obtained  Into  Equations 
2 and  3.  For  simplicity,  horizontal  paths  are  considered  where  condi- 
tions do  not  vary  along  the  path,  although  the  results  can  be  extended 
to  slant  variable  paths.  If  necessary.  The  following  considerations  have 
been  extracted  from  the  computer  code  Itself  rather  than  from  any  supportive 
documentation  which  was  available. 
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SECTION  II 

WATER  VAPOR  LINE  STRUCTURE 


For  water  vapor  line  structure,  Lowtran  3B  begins  by  calculating 

2 

the  equivalent  absorber  amount  In  units  of  gm/m  for  the  entire  path, 


(4) 


3 

where  Is  the  water  vapor  density  In  gm/m  , R Is  the  range  In  km, 

and  P and  t are  standard  atmospheric  pressure  and  temperature  In 
oo 

millibars  and  degrees  Kelvin,  respectively. 


The  quantity  p^(v),  given  by  the  expression 

Pj(v)  « c1  (v)  + log10(u>.j)  (5) 


Is  then  calculated,  where  c^(v)  Is  the  wavelength  dependent  coefficient 

whose  numerical  values  for  the  bands  of  interest  are  given  In  the  data 
listing  of  the  program.  Another  data  listing  In  the  program  Is  then 
used  which  relates  p^(v)  to  T^v).  Thus,  no  mathematical  relationship 


exists  which  expresses  the  water  vapor  line  transmission  directly  to 
the  meteorological  observables. 


However,  It  was  determined  that  an  expression  of  the  form 

b,p,(v) 

-a,10  1 1 
T'j  (v)  = e 1 


(6) 


adequately  determines  Tj(v)  from  p1 (v)  directly,  and  therefore 
log10(-£n  T]  (v) ) = log10(a] ) + b^v) 


(7) 
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A plot  of  the  left-hand  side  of  Equation  7 versus  Pj(v)  for  the  data 
listed  In  the  program  is  shown  in  Figure  1.  The  listed  data  was  then  used 
to  determine  the  coefficients  a^  and  b-j  by  a first  order  least  squares  fit 
of  Equation  7,  using  the  values  of  (Pj(v),  Tj(v))  from  Tj(v)  = 0.90  to 
T-j  (v)  = 0.02,  but  omitting  the  Tj(v)  = 0.88  and  Tj(v)  = 0.86  points  which 
appeared  inconsistent  with  the  trend  of  the  remaining  data.  The  fit 
values  obtained  where  a-|  = 0.07054  and  b1  = 0.5523,  and  the  resulting  form 
of  Equation  7 is  also  plotted  In  Figure  1 to  show  the  agreement  between 
the  data  listed  in  the  program  and  the  mathematical  expression  used. 

The  results  are  also  compared  in  Figure  2,  where  Tj (v)  is  plotted  versus 
Pj(\>).  A standard  deviation  of  0.0037  for  Tj(v),  derived  from  Equation  6 
and  compared  to  the  listed  data,  was  obtained  for  values  of  T^(v)  from 
T.|  (v)  = 0.96  to  Tj  (v)  = 0.02. 

Combining  Equations  5 and  6,  we  obtain 


^(v)  = 


-a^O 


b-j c-j  (v)  b1 


U), 


(8) 


and  substituting  the  expression  for  from  Equation  4 into  Equation  8, 
and  taking  the  partial  derivatives  of  the  resulting  expression  with 
respect  to  t and  P results  in 


3T^(\j)  0.45b-jTi(v)  fcn  T-j(v)  0.248T^(v)  Jin  T^  (v) 

3t  = t = t 

and 

3Tj(v)  0.9b^Tj  (v)inT^  (v)  0.497  T^  (v)ilnT^  (v) 

' 3 F = P = P 


Also,  since 


p 


b> 


(18. 9766-14. 9595 
6 % 


2.4388 


<o2, 


(9) 


00) 


on 
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3T-,(v)  b^^vJUn  Tj(v) 


{14.9595  + 4.8776  -S-  - 1}  (12) 

di>  'dp 


If  ^/t^p  “ 1»  which  is  a reasonable  approximation  for  horizontal  paths 
near  the  ground,  then 


9Tj(v)  18.84b.jT-j  (v)£nT-|  (v)  10.4^  (vHn^  (v) 

Trr  = t~  = ft 
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SECTION  III 
UNIFORMLY  MIXED  GASES 


For  the  uniformly  mixed  gases,  Lcwtran  begins  by  calculating  the 
similar  expression 


w2 


(14) 


and  then  calculates 


P2(\>)  = c2(v)  + log-jQ 


(15) 


where  c2(v)  is  another  wavelength-dependent  coefficient  whose  numerical 
values  for  the  bands  of  interest  are  also  given  in  the  data  listing  of 
the  program.  The  same  data  listing  table  used  for  water  vapor  line 
structure  is  used  to  relate  p2(v)  to  T2(v),  and  therefore 


T2(v)  = e 


-a^O 


biC2(v)  b-| 

u,2 


(16) 


Substituting  the  expression  for  w2  from  Equation  14  into  Equation  16,  and 
again  taking  the  partial  derivatives  of  the  resulting  expression  with 
respect  to  t and  P results  in 


3T2(v)  llb1T2(v)tnT2(v)  0.759T2(vUnT2(v) 

3t~  = XI t 

and 

9T2(v)  7b1T2(v)£nT2(v)  0.966T2(v)tnT2(v) 

5P  = = p 


(17) 


(18) 
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SECTION  IV 
OZONE 

The  Infrared  absorption  for  ozone  is  evaluated  by  first  computing 


u)0  = 46.667p  R 
o o 


and  then  calculating 


P3(v)  = c3(v)  + log10(a)3) 


where  c3(\>)  is  the  wavelength  coefficient  for  ozone  and  is  given  in  the 
data  listing  of  the  program.  A data  listing  table,  different  from  the 
one  used  for  water  vapor  line  structure  and  the  uniformly  mixed  gases, 
relates  p3(v)  to  T3(v).  However,  it  was  determined  that  the  expressions 


b2p3(v) 


T3(v)  = e 


for  T3(v)  _>  0.36  and 


-aJO 


b3P3(v)  + d3P3(v) 


T3(v)  • e 


for  T3(v)  < 0.36  adequately  determines  Tj(v)  from  p3(\>)  directly. 
Therefore 

log10(-HnT3(v))  - log1Qa2  + b2p3(v) 
for  T3(v)  21  0-36  and 

1 °9 -j 0 ( - ®>nT 3 ( v ) ) * log10a3  + b3p3(v)  + d3P3(v) 
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for  T^(v)  < 0.36.  A plot  of  the  left-hand  side  of  Equations  23  and  24 
versus  p3(v)  for  the  data  listed  In  the  program  Is  shown  In  Figure  3. 
The  listed  data  was  then  used  to  determine  the  coefficients  82  and  b2 
by  a first  order  least  squares  fit  of  Equation  23,  using  the  values  of 
(p3(v),  T3(v))  from  T3(v)  = 0.90  to  T3(v)  ■ 0.36,  and  to  determine  the 
coefficients  a^,  b^,  and  d3  by  a second  order  least  squares  fit  of 
Equation  24,  using  the  values  of  (p3(v),  T3(v))  from  T3(v)  = 0.34  t0 
T3(v)  = 0.02.  The  fit  values  obtained  were  a2  = 0.0589,  b2  = 0.729, 
a3  = 0.0909,  b^  = 0.752,  and  d^  * -0.0774.  The  resulting  forms  of 
Equations  23  and  24  are  plotted  in  Figures  4 and  5 respectively,  along 
with  the  pertinent  listed  program  data,  to  show  the  agreement  between 
the  listed  data  and  the  mathematical  expressions  used.  The  results  are 
also  compared  in  Figure  6,  where  T3(v)  is  plotted  versus  p3(v).  A 
standard  deviation  of  .0025  for  T3(v)  obtained  from  Equations  21  and  22 
and  compared  to  the  listed  data  was  obtained  for  values  of  T3(v)  from 
T3(v)  » 0.96  to  T3(v)  = 0.02. 

Combining  Equations  20  and  21,  we  obtain 


-a?10b2c3(v)Jj2 

T3(v)  = e 2 3 (25) 

for  T3(v)  0.36,  and  substituting  the  expression  for  u>3  from  Equation  19 

into  Equation  25,  and  taking  the  partial  derivatives  of  the  resulting 
expression  with  respect  to  t,  P,  and  p()  results  in 

3T3(v)  b2T3(vHnT3(v)  0.146T3(vHnT3(v) 

3t  St 1 (Z6) 

3T3(v)  2b2T3(vHnT3(v)  0.292T3(v)tnT3(v) 


3T3(v)  b2T3(v)tnT3(v)  0.729T3(\>HnT3(v) 
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For  T,(v)  < 0.36,  taking  the  partial  derivative  of  Equation  22  with 
respect  to  p3(v)  we  obtain 


3T,(v) 

y * UnlO)T3(vHnT3(v){b3  ♦ 
3 

2d3p3{v)} 

(29) 

Since  from  Equation  24 

b3  jb3  i 

P3(V)  = ' ^ VS;  ‘ ^ '“5" 

(30) 

and  from  Equations  19  and  20 

ap3(v)  log1Qe 

"TE 5T 

(31) 

ap3(v)  21og1Qe 

IP 5P — 

(32) 

and 

3p3(\>)  log10e 

5po  po 

(33) 

Therefore 

9T3(v) 

3T3(v)  3p3(v)  T3(v)tnT3(v)\/b; 

« -r  — r — r-I = - 

i2  * 4d3'<’alo( 

r ^ 

*nT3(v) ^ 
a3  / 

1 'SpJRy  ~5l  ' ~St 


0.20T1(v)tnT^(v)/o-565  - 0.30951og10(-1UnT3(v)) 
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* 


11 


AFAL-TR-77-229 


r 


k 


SECTION  V! 

WATER  CONTINUUM 

Lowtran  3B  treats  the  transmittance  due  to  the  water  vapor  continuum 
in  the  3.5  - 4.2  pm  and  8-14  pm  regions  differently.  In  the  8-14  pm 
region 


Vv10*  ' V^IO^V’^IO^V  "(vlo) 


(40) 


where 


_7  v 2 6.08  296/t  - 1 

-4.56  x 10  c,  v,296  p ^Rte 

T ' (u  1 = p 5 <*> 

'5  lV10;  e 


(41) 


T5f  ,(v10}  = e 


9.12  x 10'10c5(v,296)pw2Rt 


(42) 


and 


- e 


-0.0002c5(v,296)puR  P/Pq 


(43) 


The  term  c5(v,  296)  is  the  water  vapor  (self-broadened)  attenuation 
coefficient  at  a temperature  of  296°K,  which  for  the  8-14  pm  region  of 
the  spectrum  is  given  as 

-7.87  x 10'3v 

c5(v,  296)  = 4.18  + 5578. Oe  (44) 


Taking  the  partial  derivative  of  Equation  40  with  respect  to  t and  P,  we 
obtain 


3T5(v10)  _ x W1„_T  x 6.08  x 296„  x t/  » , 
3t  " T5'v10^t£nT5  ^v10^  71  AnT5  ^10^ 


^T5M(V10)} 


(45) 


; 


! 


* 
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which  If  296/t  I 1,  a reasonable  approximation  for  horizontal  paths 
near  the  ground,  becomes 

3T5(v10)  _ T5ho){  -5-08AnT5,(v10)  +)ln  T5"(v10)} 
at  " t 


3T5(v10) 
— aP — 


T5(vlo)2'nT5  ,(v1q) 


By  using  Equation  11  to  obtain  the  dew  point  dependence  of  Equation  40, 

- Vv,0)f-2*nT5(v,0)  **"V’'(v10>  ♦ 29'919 


t„  t 2 

- 14.96  f t9T5’”(»,0)  * 9.76  T^tnTjN,,) 
dp  Ldp 


- 4.88  tnT5'"(v)0»  ji- 

^ dP 


which,  if  rr-  - 1,  becomes 

% 


» T5(v1q){  37.57*nT5(v10)  - 18.84tnT5' "(v1Q)}  (49) 


In  the  3.5  - 4.2  pm  region 


W ’ V<v4>  V,(V4> 


where 


4.56(296  -1) 


V(V  * e 


Y'(v4)  « e 


-4.012xl0''c5(v,296)p^tRe  1 

4.56(296.  -1) 

-0.012  c.(v,296)pt  RP  e “ 

5 U>  K— 
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where  Cg(v,  296)  is  again  the  water  vapor  attenuation  coefficient  at  a 
temperature  of  296°K,  but  is  given  in  the  data  listing  of  the  program 
for  this  spectral  region  instead  of  the  empirical  relationship  given  by 
Equation  44  and  which  is  used  for  the  8-14  pm  calculations.  Taking  the 
partial  derivatives  of  Equation  49  with  respect  to  t and  P,  we  obtain: 

_ T , w 1„  T ./  x 4.56  x 296„  t . x 

— at — = T5(v4){  t*nT5  (v4} ^ *nT5'(v4) 


4.56  x 296, 


which,  if  296/t  ~ 1,  becomes 


n T5"(v4)} 


3Tg(v4)  T5(v4){  - 3.56lnTjj(v4)  -tnT5,'(v4)} 

__  = - 


T5(v4)tnT5"(v4)  /cc 

3P  = P {5' 

By  using  Equation  11  to  obtain  the  dew  point  dependence  of  Equation  50, 


3t5(v4)  T5(v4){  14.96  td  + 4.88  tTZ  - 1H  2tnT5'(v4)  +lnT5”(v4) 


3tdP  dp  (56) 


which,  if  tQ/tdp  ~ 1,  becomes 


3T5(v4)  T5(v4)  {37.67tnT5(v4)  - 18.84tnT5"(v4)l 
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SECTION  VII 
MOLECULAR  SCATTERING 

For  molecular  scattering,  the  transmission  Is  given  by  the  expression 


Tfi(v)  « e 


-9.807  x 10'20v4-0117R(P/Po)(to/t) 


where  v4'®^7  is  the  wavelength-dependent  attenuation  coefficient  for 
molecular  scattering.  Taking  partial  derivatives  with  respect  to  t and 
P,  we  obtain 

3Tg(v)  ^ T6(v)tnT6(v) 

_____  = - - (55 


3lVv^  Vv)*nT«>(v) 


SECTION  VIII 
AEROSOL  SCATTERING 

The  aerosol  scattering  term  is  not  t,  P,  pQ,  or  t^  dependent. 

SECTION  IX 

VISIBLE  AND  UV  OZONE 

For  visible  and  UV  ozone,  the  transmission  is  given  by  the  expression 


T«(v)  = e 


-46.667ca(v)p  R 

O O 


where  Cg(v)  Is  the  wavelength-dependent  attenuation  coefficient  for  ozone 
in  the  visible  and  UV.  Taking  the  partial  derivative  with  respect  to 


pQ,  we  obtain 


3Tg(v)  Tg{v)£nTg(v) 
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SECTION  X 

SUMMARY  OF  RESULTS 

Combining  all  the  results  by  using  Equation  3 and  substituting 
these  results  into  Equation  2,  we  obtain 

= {-0.45^41^  (v)  - 1.375b1£nT2(v)  - 
2 / £nT^(\>)  \ 

0-20/bi  +4dilog10^-— J £n  T3(v)  - 1.5£nT4(v)  + £nT5'(v1Q) 

■ L°8|296  tnTs.(v10)  * »t.Ts- • (v,0)  * l„y(v4)  - 4-56  \ 296 

- ^nTg(v)}  (0.9b1£nT]  (v)  + 1.75  b^nT^v)  + 

/ l £nT,(v) 

0-40/bi  +4dilog10--^ *nT3(v) 

+ 2-°^T4(v)  + £nT5'"(v10)  + £nT5"(v4)  + £nTg(v)}  ^ 

t t 2 t 

+ {(14.96  ~ + 4.88  S-2  - Db.tnLtv)  + (29.92  r2- 

<*>  ‘dP  1 ’ % 

t 2 

* 9-‘6  ~2  - tnT5(u-j 0)  + (1-14.96  ^ - 4.88  HnT. ' " (vln) 
‘dp  l"P  % 5 ,0 

^ t 2 

+ <14-96  t?  + 4-88  -T  -1)  (2^5'(v4)  + £nT c"(v4))}  + 

dP  % b 4 % 

dp 

4nT3(v)  + £nT8(v)}  —2.  (62) 

po 
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where  1 = 2 for  T3(v)  > 0.36  and  i = 3 for  T3  (v)  < 0.36  and~dT  = 0. 
296  t 

When  — r—  ~ 1 and  j ~ 1,  Equation  62  reduces  to 
cdp 

^]-=  (-0.45^*^  (v)  - 1.375b1tnT2(v)  - 


- 1.5*nT4(v)  - 5.08£nT5'(v10)  + £nT5”(v10) 

" 3.56£nT5(v4)  - £nT5"(v4)  - HnTg  (v)}  ^ 

+ {0.9b1«.nT1  (v)  + 1.75^  AnT2(v) 

£nT3(v) 

+ 2.0£nT4(v)  + £nT5'"(v10)  + £nT5"(v4) 

+ «.nTg(v)}  ^ + tl8.84b1£r)T1  (v) 

+ 37.67«.nTg(v10)  - 18.84£nT5"'(v10) 

, dtj 

+ 37.67£nT5(v4)  - 18.84£nT  g(v4)}  + 

dp 

dp 

£HT3(v)  + £nTg(v)}  (63) 


+ 0.40/b/+  4dilog10 


*nT3(v)> 
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These  derivations  have  been  performed  for  a small  band  about  a 
single  wavenumber.  The  results  can  be  expanded  to  determine  the  effect 
over  a wider  band  of  interest  by  utilizing  the  results  of  the  average 
transmission  between  two  wavenumbers  v£  and  as  follows 


N 

Z T(v.)Av 


T (v2'vl ^ 


= jfl 


v2~vl 


N 

£ T(v.) 

J-T  J 

N 


where 


NAv  = 


(64) 


(65) 


Therefore,  if  each  T(vj)  2 T^-V}) 

dT(v£-v^)  N 


Tfv  = (-0.45^111^  (vj)  - 1 .375b1£,nlIT2(vj) 

2 1 j=l  j=1 


N /I  / «.nT.(v.)\ 

>' 20  j/bi  + 4d1log ^T3(vj 


N N 

) - 1.5tnH  T.(v.)  - 5.08tnnT,r(vin  ) 

j = r 3 j=r  ,Uj 

dt 


N N N N 

+ tnnT5"(v10  ) - 3.56tnnT5(v4  ) - tnHT5"(v4  ) - fcnnT6(Vj)>  jjjr  + 

j=l  3 j=l  j j-1  j j=l 


(0 


N N N fZ / *nT,(v.)\ 

.Cb,  S-nnT,  (v.)  + 1.75b,4nnT,(v.)  + 0.40  z Jb,  + 4d.loqinU-~J-knT7(v.: 
1 j=1l  J 1 j=12  J j=i»  1 1 10\  ai  / 3 J 


dP 


N N N N 

+ 2.otnnT4(vj)  + ennT5r"(v10>)  + tnirr5'(v4  ) + £nirr6(Vj)}  jjf-  + 

j*l  j=i 


J j=r  3 j=i 


(l8.84b1«.nnT 


nnT^Vj)  + 37.67tnriT5(v10  ) - i8.84tniiT5" '(v]0  ) + 
j=i  j=i  j j=i  3 
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N N dtH 

37.67£nnT«.(v.  ) - 18.84£nnVK  ))  sr£  + 

j=r  j=r  Ntdp 


N rz  ( £nT3(v,)\  N dp 

[ E yb.z  + 4dilog10^-1p-j£nT3(v.)  ♦ tny^Vj)}  ^ 

J i 


Since 


N N 

AnnT.fVj)  = M1Ef(c1(vj)) 

j=l  j=l 


(66) 


(67) 


where  is  the  product  of  various  constants,  meteorological  parameters, 
and  the  range,  and  f(c.(v.))  is  the  functional  wavelength-dependent 

J 

coefficient  for  a particular  contributor,  Equation  66  can  be  simplified 
even  further  by  selecting  a particular  wavelength  interval.  For  example, 
if  the  meteorological  sensitivity  is  desired  for  the  715-1250  wavenumber 
band  (8.0  pm  - 13.98  pm). 


AnnT^Vj)  = 

j = l 

N 

£nnT3(Vj)  = 

j=l 

N 

£nnT3(Vj)  = 

j=l 


(r)  ) 

\'0/  / j = l 

/ /P  \ 2/5/tn\  1/5\b?  N M,(V.] 

-a2  ^46.667  p0R^-)  {/)  j2j 10  2 3 J 


(68) 


(69) 


(70) 
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where  it  is  assumed  that  for  horizontal  paths  near  the  ground  T3(v.)  is 
always  greater  than  0.36  J 

N 

*.TinT4(vj)  = 0,  (71) 

j=l 


N 6. 08/296- 1\  N -7.87xl0"3v. 

tnllT ,'(v,  ) = -4.56  x 10'7  p 2Rte  \*  / ^(4.18  +5578e  J) 

j=l  10j  “ J=1 

(72) 


N N -3 

«nHT5"(v10  ) = 9.12xlO'10pw2RtE(4.18  + 5578e'7,87xl°  v j ) 

j=l  3 u i=i 


(73) 


N 

£nnT5'"(v10  ) = -0.0002p  R £- 
j=l  j ^ o 


N 

Z 

j=l 


-7.87xlO'V 
(4.18  + 5578e  J) 


and 


N N N 

£nIIT5(v4.)  = 4nnT6(Vj)  = 4nnT8(v,)  = 0 

j=l  J j=l  j=l 


(74) 


(75) 


where  the  summation  is  over  108  Vj  values  of  the  coefficients,  given  at 
five  wavenumber  increments  between  the  wavenumbers  715-1250  cm'1.  The 
values  obtained  over  the  wavenumber  interval  are 


108  blC,(v,) 

£ 10  1 J = 171.1 

j=l 


108  b,c?(v.) 

Z 10  1 c 3 = 116.6 

j=l 


(76) 

(77) 
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108  bpCotvj) 

£ 10  c J • 964.5 

j-1 


108 

£ (4.18  + 5578e 

j-1 


-7.87  x 103v. 


* 964.3, 


using  the  values  of  c^(vj),  c2(\>j),  and  c3(vj)  at  the  appropriate 

wavenumber  listed  In  the  data  section  of  the  program.  Since  N=108,  and 

t0  p 

by  using  t * 296°K,  R=8  km,  —?  '1,  and  p~  ~ 1,  Equations  68  through  75 

“ o 

reduce  to 


in  n Tj(yj) 


frill  T2(\»j) 


in  II  T3(vj) 


0.5523 


-10. 7p 


-25.9 


-4261 p 


0.729 


108 

f-nll  T4(vj  ) * 0 


fcnn  t5»(v10  ) - -i.04ph 
j-i  J 


I Uo  -j  p 

in  n T5"(v10  ) - 2.08  x 10~V 

j-1  J 


r 
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ir]  11  T5 ' ’ '(v10.}  = _1 ,543pu) 

j=l  J 


108  108  108 
id  n t5(v>4  ) = nnn  t6(v  ) = enn  t8(v  ) = o 

j=l  j j=l  j=l 


Substituting  these  results  into  Equation  66,  we  obtain: 


dT(v?-v, ) 

t 4-  = (2.66p 

T(v0-v,)  u 


0.5523 


0.729 


+ 19.7  + 621 p 


+ 5 . 28p 


n n 7?q 

2.08  x 10'3p  2}  - {5. 32p  ’ + 25.0  + 1242p  * + 1.543p  lf^p 

co  lUot  CO  O (0  lUor 


0.5523  ? ? dt, 

- { 11 1 . 3p  + 39. 18p  - 0. 078p  + 58.12p  - 29.06p  1 

U)  co  u>  co  CO  lOot 


0.729  dp 
- (3106p.  } rfrc 


From  Equation  11,  for  t^  = 273.15°K,  = 4.84  and  for  t^  = 303.15°K, 

p = 30.36,  which  constitutes  a reasonable  range  of  dew  point  temperatures 

U) 

encountered  for  a horizontal  path  near  the  ground.  Also  a reasonable 

-5 

value  for  p is  p = 5 x 10  . Therefore  usinq  p = 4.84  in  Equation  88, 

o o * f (i)  ^ 

we  obtain 


) ji  jp  dt  j dp 

-T-2-  y = 1.39  -df  - 0.43  ~ - 12.25  - 0.021  — 

TTv^T  1 p % p0 


and  for  p = 30.36 

to 


dT(\J2_vi)  dt 

— _£ ’ - 45  qq 

TTJ^T  t 


1.0  k-P  - 349  - 0.021  ~ 

P t-A*  P 

dp  o 
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SECTION  XI 
CONCLUSIONS 

Equations  89  and  90  express  the  tolerances  in  temperature,  pressure, 
dew  point  temperature,  and  ozone  density  measurements  allowable  to  obtain 
a given  accuracy  in  the  transmission  prediction  of  Lowtran  3B  over  the 
8-14  urn  wavelength  band  for  the  given  range  of  water  vapor  densities. 

The  method  can  be  used  to  predict  the  tolerances  over  any  other  wavelength 
range  by  calculating  the  appropriate  wavenumber  summations  and  proceeding 
through  the  calculations  in  a similar  manner. 
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figure  3.  The  (p3(v),  ?og1Q(-ln  TjM))  Computer  Listed  Data  (X)  for  Ozone 
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Figure  5.  Comparison  of  (Pj(v),  log^f-ln  T3(v)))  Computer  l isted  Data 
(X)  and  Second  Order  Least  Squares  Fit  Values  (-)  for  Orone 
When  T3(v)<0.36 
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